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ment of choroidal neovascularization in neovascular ARMD [2] . The roles of inflammatory mediators and cells as immunoglobulins, complement proteins, cytokines, growth factors, and oxidative stress in pathogenesis of early ARMD have been established in recent years [3] . The accumulation of extracellular plaques and deposits reveals a chronic inflammation that aggravates the effects of primary pathogenic stimuli [4] .
Associations between ARMD and biochemical factors such as high sensitivity C-reactive protein (hs-CRP) have also been demonstrated [5] . In addition to hs-CRP, increased neutrophil level and lymphopenia have recently been investigated as biomarkers of inflammatory activity [6, 7] .
Inf lammation is an important component of many age-related diseases such as Alzheimer disease and atherosclerosis [6] . The role of neutrophil-to-lymphocyte ratio (NLR) in cancer and cardiovascular disease and cancer has been reported [6, 7] , but its relationship with ocular diseases is unclear.
Given the role of inflammation in the pathogenesis of ARMD, this study aimed to investigate whether elevated NLR level could act as a risk factor of development of neovascular ARMD. Therefore, NLR and hs-CRP levels were evaluated as prognostic inf lammatory biomarkers in ARMD patients.
Materials and Methods
The study was conducted by the ophthalmology department at Dr. Sami Ulus Maternity and Children's Health and Diseases Training and Research Hospital, after obtaining institutional review board and ethics committee approval. The study took place from September 2012 to January 2014. Informed consent was obtained from each subject prior to the study, and the described research adhered to the tenets of the Declaration of Helsinki. Forty patients with non-neovascular ARMD (group 1) and 40 patients with neovascular ARMD (group 2) were compared with 40 control participants without ARMD (group 3). Patients with hematologic disorders, acute or chronic infection, other inflammatory ocular and systemic disease, any ocular medication use, chronic obstructive pulmonary disease, current steroid therapy and/or history of steroid use 3 months prior to admission, or a history of cancer (with or without radiation or chemotherapy treatment) were excluded from the study. Visual acuity, biomicroscopic anterior and posterior segment examination, and intraocular pressure measurements were evaluated in all participants. All patients had been previously diagnosed with ARMD prior to admission to our hospital. No treatment such as intravitreal or laser treatment had yet been administered to any of the included patients, who presented to our ophthalmology clinic to verify their diagnoses of ARMD in other centers or to receive a prescription for eye drops.
Patients in group 2 demonstrated evidence of choroidal neovascular membranes or pigment epithelial detachments. Furthermore, a fluorescein angiogram and optical coherence tomography data at the time of initial diagnosis were required. Group 1 patients demonstrated evidence of drusen in the macula, with or without signs of geographic atrophy, in at least one eye. Patients with all other maculopathies were excluded from the study.
The NLR values were evaluated using an Horiba ABX Pentra DF 120 (Holliston, MA, USA) and hs-CRP levels were measured using Immage 800 (Beckman Coulter, Brea, CA, USA). The NLR levels of the patients were obtained from the hospital laboratory archive at the time of angiography and optical coherence tomography testing at the beginning of the study. The NLR was calculated by dividing the neutrophil count by the lymphocyte count.
Statistical analysis
All analyses were performed using PASW ver. 18.0 (SPSS, Chicago, IL, USA). Quantitative variables were expressed as mean ± standard deviation. Continuous variables were analyzed for normal distribution using the Kolmogorov-Smirnov test and analyzed for homogeneity using Levene's test. Comparisons of parametric values among groups were performed using one-way ANOVA. Comparisons of non-parametric values among groups were performed with the Kruskal-Wallis test. Tukey honest significant difference tests (for parametric variables) and Bonferroni adjustment after Mann-Whitney U-tests (for non-parametric variables) were used as post hoc tests for multiple comparisons between the groups. A two-tailed p-value less than 0.05 was considered significant. After performing univariate analysis, significant variables (age, gender, diabetes mellitus, NLR, and hs-CRP) were used in multivariate logistic regression analysis. Receiver operating characteristics curve analysis was performed to demonstrate the sensitivity and specificity of admission NLR and the optimal cutoff value for predicting neovascular ARMD.
Results
There were 20 female (50%) and 20 male (50%) patients both in group 1 and group 2 and 28 females (70%) and 12 males (30%) in group 3 ( p = 0.051). The mean age was 65 ± 7 years in group 1, 75 ± 7 years in group 2, and 64 ± 6 years in group 3 ( Table 1 ). The mean age was significantly higher in group 2 compared to groups 1 and 3 ( p < 0.001). The ARMD was unilateral in 38 patients and bilateral in 42 patients. The NLR level was 1.65 ± 0.71 in group 1, 1.98 ± 0.84 in group 2, and 1.46 ± 0.44 in group 3. The hs-CRP value was 1.98 ± 0.251 mg/L in group 1, 3.242 ± 0.211 mg/ L in group 2, and 1.145 ± 0.193 mg/L in group 3. Both NLR and hs-CRP values were significantly higher in group 2 compared to group 3 ( p = 0.002 and p = 0.002, respectively) ( Table 1 ). The number of people with diabetes mellitus was significantly higher in group 2 than groups 1 and 3 ( p < 0.001). Baseline clinical features of the patients are shown in Table 1 . In multivariate analysis, NLR remained an independent predictor of neovascular ARMD (odds ratio, 3.882; 95% confidence interval, 1.574 to 9.576; p = 0.003) together with age ( p < 0.001), diabetes mellitus ( p = 0.041), and hs-CRP ( p = 0.018) ( Table 2 ). The area under the receiver operating characteristics curve for NLR was 0.693, and an NLR of 1.56 or higher predicted neovascular ARMD with a sensitivity of 73% and specificity of 60% (Fig. 1) .
Discussion
The neovascularization period includes production and release of angiogenic factors, binding of factors to extracellular receptors, activation of intracellular signaling, endothelial cell activation, proliferation and migration, basement membrane degradation, remodeling of extracellular matrix, tube formation, and vascular stabilization [8] . In the treatment of ARMD, protection against oxidative stress and accumulation of lipofuscin and reduction and elimination of chronic inflammation are considered [8, 9] . Oral and injectable anti-inf lammatory medications are found to reduce the risk of ARMD through these mechanisms [10] .
Many treatments such as laser photocoagulation, photodynamic therapy and intravitreal triamcinolone acetonide, and anti-vascular endothelial growth factor treatments to reduce vascular retina pigment epithelial permeability have been used to treat choroidal neovascularization secondary to ARMD. Triamcinolone acetonide takes part in the stabilization of the blood-retinal barrier and the downregulation of inflammation, in addition to demonstrating anti-angiogenic and anti-fibrotic properties [11] . Laser photocoagulation is no longer a standard of care treatment in the management of choroidal neovascularization [11] . In the treatment of ARMD, the potential use of celecoxib with its anti-inflammatory and anti-angiogenic effects has recently been emphasized [8, 10, 12] . All of these treatment modalities target the inflammation involved in the pathogenesis of ARMD. However, no clinical laboratory tests are used to establish the presence of such inflammation. Any test that reflects the inflammatory status of ARMD patients and its correlation with disease status would be a great innovation for monitoring treatment response in such patients.
NLR has been used for evaluation of inflammation in several cardiac and noncardiac diseases [13] . NLR calculation has been used to predict vascular calcification in endstage renal disease patients [13] . Ahsen et al. [14] identified a relationship between Familial Mediterranean fever and NLR. As a result of such studies, NLR is now defined as an indicator of subclinical inflammation.
CRP is a non-specific marker of inflammation. Previous studies have demonstrated an association between elevated serum hs-CRP and homocysteine level in neovascular ARMD patients [5, [15] [16] [17] . Cumulative oxidative damage caused by altered uric acid metabolism and hs-CRP could also play a role in the damage resulting from ARMD [1, 18] . Our study shows the significant association between serum hs-CRP and neovascular ARMD.
A relationship between NLR and diabetic retinopathy has also been demonstrated [19] . A significant association between diabetes mellitus and neovascular ARMD was also identified in our study.
The assessment of NLR in patients with ARMD was also studied by Ilhan et al. [20] . In their study, ARMD patients were found to have higher NLR compared with controls. Furthermore, they found that NLR correlates with age and disease severity. In contrast to our study, they found significant difference between ARMD subgroups. This difference could be due to the small sample of patients of our study; additional studies are necessary to determine the associations of disease severity and duration of ARMD with NLR value. Ilhan et al. [20] also mentioned that NLR can be used as a biomarker of inflammation in ARMD. Older age and diabetes mellitus as risk factors of elevated NLR value in neovascular ARMD were demonstrated in our study.
Inflammation, vascular stress, and oxidative stress play important roles in the damage and pathogenesis of ARMD. As a result, elevated NLR level is a potential indicator of increased inflammatory activity in patients with ARMD. As a simple, inexpensive, and reliable prognostic biomarker, NLR level can be evaluated along with hs-CRP in ARMD patients. The NLR might also be used as a biomarker of response to ARMD treatments and for evaluation of prognosis. Further investigations including large populations are needed to investigate the possible role of NLR level in ARMD patients.
Conflict of Interest
No potential conflict of interest relevant to this article was reported. Fig. 1 . The receiver operating characteristics analysis for neutrophil-to-lymphocyte ratio (NLR) in predicting neovascular age-related macular degeneration. AUC = area under the curve; CI = confidence interval. 
